C omplaints of concentration and memory difficulties among people with depression have been well documented. An extensive review of cognitive processing in depression concluded that as people become more depressed, they engage in fewer processes that require attention. 1 Depression therefore interferes specifically with effortful processing, 2 particularly retrieval, 3 and only at its most severe are automatic processing abilities affected. 4 Over and above these objective deficits, people with depression invariably complain of concentration and memory problems. 5 Depressed patients, including those with chronic fatigue, show a marked discrepancy between subjectively rated poor performance and objective psychometric measures. 6, 7 This could be because such people negatively appraise their performance (which may be adequate), or because depression causes a noticeable decline in performance, or a combination of the two. The relationship between depression and subjective and objective cognitive problems therefore requires further analysis.
The Cognitive Failures Questionnaire (CFQ) 8 was introduced as a valid self-report measure of everyday slips of action. Mahoney et al. 9 found that self-reported cognitive failures on the CFQ were strongly related to stress and anxiety, and Wagle et al. 10 demonstrated that CFQ FARRIN et al.
scores were similar across inpatients with neuropsychiatric conditions and those with "functional" psychiatric disorders. A new laboratory paradigm that quantifies attentional errors or slips of action, of the sort noted by people with depression, has been described by Robertson et al. 11 The SART (Sustained Attention to Response Task) is a continuous performance paradigm in which subjects are required to make frequent responses to nontargets and to withhold a response to rarely presented targets. Robertson et al. 11 argued that "slips of action" are the result of brief lapses in sustained attention, defined as "mindful, conscious processing of stimuli" despite their "repetitive, nonarousing qualities." They found an increase in such slips in subjects with traumatic brain injury in comparison to healthy control subjects, which correlated highly with CFQ scores in both groups of subjects. As well as inappropriate responses, a significant speeding up of reaction times was noted 11 in trials leading up to an error, suggesting that errors could be predicted on the basis of performance characteristics. In addition, the brain injury group, unlike control subjects, did not show a significant slowing down of reaction time after an incorrect response was made, indicating possible differences in response style or error monitoring that may have implications for behavior in everyday life.
In this study we measured performance on the SART and its relationships to self-reported cognitive errors on the CFQ, 8 ratings of depression on the Beck Depression Inventory (BDI), 12 and other cognitive measures in subjects drawn from an ongoing study of military personnel. We predicted that measures of depressed mood, subjective cognitive failures, and objective attentional performance would correlate. In particular, we hypothesized that subjects scoring above a cutoff for mild depression on BDI would make significantly more errors on the SART than subjects scoring below the cutoff. However, we also hypothesized that the strongest association would be between CFQ and BDI scores (and not between SART error scores and BDI scores).
In addition, we sought to explore the pattern of response times in trials before and after errors of omission, compared with response times before correctly withheld responses, in depressed and nondepressed subjects, and to see whether this differed in comparison to the braininjured patients reported by Robertson et al. 11 Such a difference, if uncovered, would imply differing mechanisms of cognitive failures in "functional" and "organic" conditions.
METHODS

Subjects
The subjects of this report were the first 102 males recruited for the second phase of a study investigating the health of UK military personnel. The first phase required subjects to return a postal questionnaire that asked about military experiences including deployment, exposures, illnesses, and symptoms. 13 Respondents were classified as well (higher scores) or impaired on the basis of their score on a global measure of physical functioning, the SF-36.
14 A random sample of people scoring above and below the cutoff (with those below being oversampled) was then recruited for the second phase. Subjects in this phase were asked to take part in both a medical and a neuropsychological assessment. Approximately half were currently serving in the military. All had served either in the 1991 Gulf War or as peacekeepers in the 1992 Bosnia conflict (or both) or were serving at the time but were deployed to neither theater. Ages ranged between 22 and 58 years.
For the purpose of this study, the subjects were divided into two groups according to whether their depression scores were above or below the standard cutoff for mild depression (10 on the BDI) as recommended by Beck and Steer. 12 A cross-tabulation of physical functioning and depression ratings showed no significant findings within this group of subjects; therefore physical functioning (i.e., whether subjects were "well" or "impaired") was not considered as a factor within this study.
Subjects completed a battery of neuropsychological tests lasting approximately 2.5 hours, which included the measures described below.
Attentional Measures Sustained Attention to Response Task (SART).
11 A computer-administered task in which 225 single digits are presented visually over 4.3 minutes. Each digit is presented for 250 ms followed by a 900-ms mask. Subjects are asked to respond by pressing the mouse for each digit, except on 25 occasions when the number 3 is presented. Here they are asked to withhold a response. The target digit is distributed randomly throughout the 225 trials. Subjects were instructed to give equal importance to accuracy and speed during the task.
Paced Auditory Serial Addition Task (PASAT). 15 Sixty single digits are presented auditorily (one digit per 2 seconds). Subjects are instructed to add each digit to the one that comes before it and to give their answer out loud. A score representing the number of correct answers divided by the total time for each trial was calculated.
Stroop Color-Word Test. 16 Subjects are first presented with a "color" task, a series of 112 color names in four columns, printed in nonmatching colored ink, and instructed to read the words aloud as quickly and accurately as they can. The "color-word" task is then pre- sented, in which the subject is instructed to say aloud the color of the ink that the word is printed in. Each task is timed and a "Stroop effect" calculated based on the difference in time for each task.
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General Cognitive Measures National Adult Reading Test (NART)
. 17 A reading test of "irregular" words, which gives a stable estimate of premorbid intelligence that is resistant to the effects of psychopathology, including depression. 18 Wechsler Adult Intelligence Scale-Revised (WAIS-R). 19 Wechsler Memory Scale-Revised (WMS-R), 20 Logical Memory and Paired Associates subtests (see Table 1 for subtests).
Cognitive Failures Questionnaire (CFQ). 8 A self-report measure of failures in perception, memory, and motor function.
Measure of Psychopathology Beck Depression Inventory (BDI).
12 A self-report questionnaire. Table 1 shows the means and standard deviations for each variable, and also the relationship of each variable with SART error rate and reaction time (RT) across the whole sample. "SART errors" are the number of errors of commission, that is, pressing in response to a "3" (25 trials), and "SART reaction time" is the overall reaction time for correct presses when digits other than "3" are presented (200 trials). Because SART performance variables were not normally distributed, and because of the unequal group numbers, we used nonparametric statistics for between-group and within-group comparisons and correlations.
RESULTS
SART error rate was more strongly related than SART reaction time to other general cognitive and attentional variables (Spearman's correlations). Correlation coefficients were modest. Age did not significantly correlate with either SART measure. As anticipated, the results show a significant positive correlation between CFQ ratings and error rate on the SART, whereby people who report more attentional failures also make more errors of commission on the SART. Table 2 shows the comparison of cognitive performance measures for the nondepressed and depressed groups. Subjects scoring less than 10 on the BDI were assigned to the nondepressed group (n‫,)95ס‬ and subjects scoring 10 or above were assigned to the depressed group (n‫.)34ס‬ The table shows that the depressed group scored significantly higher on the CFQ (i.e., had more failures) and scored significantly lower on the WMS-R Logical Memory immediate recall subtest (i.e., had poorer memory). Although the differences in NARTpredicted IQ were not significant, the depressed group showed significantly lower WAIS-R full-scale and verbal IQ scores.
Also shown in Table 2 is the breakdown of depressed and nondepressed group scores for all the SART measures. It is clear that error rate is the only dependent variable that distinguishes the two groups, with subjects scoring above a cutoff for mild depression making more errors of commission (failures to withhold a press). Figure 1 shows that both the depressed and nonde- pressed groups tended to speed up their RT in the trials leading up to an error, compared with the trials leading up to a correct response. This difference is significant in the depressed group only. The graph also illustrates that the depressed group showed a significant slowing of RT after an error response (data shown in Table 3 ).
It was hypothesized that there would be a significant relationship between level of depression and self-reported attentional failures in everyday life. A very high correlation was found (Pearson's r‫,937.0ס‬ PϽ0.001; Spearman's rho‫,317.0ס‬ PϽ0.001), indicating that people with higher ratings of depression also rate themselves as having higher incidences of cognitive failure. In the light of such a high correlation coefficient between CFQ and BDI, further analyses were carried out to explore the relationship between these variables and SART error rate.
In Figure 2 , the gridlines show the median split for each variable (SART errors‫,9ס‬ CFQ‫.)54ס‬ The pattern displayed suggests that although depressed people report many more cognitive failures, this is not necessarily affecting their error rate on the SART. This disjunction receives some support statistically from Spearman's rho correlation coefficient. In the nondepressed group, SART errors correlate with CFQ at 0.28 (PϽ0.05), but in the depressed group, the same contrast in the same direction fails to reach statistical significance (rho‫,02.0ס‬ not significant). Inspection of the figure suggests that the depressed group had high CFQ scores (i.e., they overestimated their failures) despite only mildly impaired performance. Further analysis using multiple regression revealed that the relationship between CFQ score and SART became nonsignificant (partial correlation coefficient‫,511.0ס‬ P‫)62.0ס‬ when BDI score was included in the model. BDI emerged as the only significant predictor of SART (beta‫,13.0ס‬ SE‫,670.0ס‬ P‫.)200.0ס‬ Note: "Pre-correct" and "Pre-error" reaction times (RT) are the mean RT, in milliseconds, for each set of four trials leading up to the subject's correctly withholding a response to a "3" (correct) or incorrectly pressing for a "3" (error). "Post-correct" and "Post-error" reaction times are the mean RT for each set of four trials following either a correct or an incorrect response. SART‫ס‬Sustained Attention to Response Task. a Wilcoxon signed-ranks test (within groups). There were no significant differences between the depressed and nondepressed groups on RT (Mann-Whitney U-test).
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DISCUSSION
We carried out tests of attention on a nonclinical sample of people with and without symptoms of depression and related these to subjective reports of cognitive failures. The sample was drawn from men who were serving in the UK armed forces in 1991-1992, half of whom are still serving. The mean age of the sample was midthirties and mean IQ was around 100. Hence while the homogeneity of the group may be an advantage, it may not be representative of the general population. Nevertheless, the sample does enable inferences to be drawn about the cognitive underpinnings of subjective and objective attentional difficulties in people with mild to moderate depression.
Depression, defined in terms of the conventional albeit somewhat arbitrary cutoff on the BDI, was associated with significant differences on cognitive measures, including most subtests of WAIS-R and the Logical Memory subtest of the WMS-R. This result is consistent with other work on both ambulant and hospitalized depressed patients, 21, 22 and in particular supports the finding that effortful free-recall tasks are more affected by depression than learning or recognition tasks. 3 The whole group showed a greater performance IQ than verbal IQ, perhaps due to lower educational opportunities in some servicemen. Extensive normative data on the SART are so far lacking, but studies on high-IQ and low-IQ normal control subjects do not show significant differences. 23 We used three main attentional measures: the PASAT, the Stroop Color-Word Test, and the SART. Errors on the SART, presumed to reflect lapses in sustained attention, were the only measure to differ significantly across depressed and nondepressed subjects, although PASAT measures showed a weak correlation with BDI scores. The SART differs from the PASAT in having a minimal working memory compo-FARRIN et al.
nent and a simple motor response. It is possible that more striking deficits in PASAT and other measures occur with more severe disturbances such as those seen in clinical cases of depression and mental fatigue. 24 It is important to note here that replication of these findings with a clinically defined group of depressed patients would be an important next step.
One of our aims was to examine whether the pattern of performance in our depressed subjects on the SART differed from that of patients with traumatic brain injury, the group on which the SART was validated. The level of errors in the current sample was highly comparable with the brain injury group studied by Robertson et al. 11 The quickening in response time prior to errors of commission was also similar. However, the depressed group showed a pattern not seen in the brain injury group, namely a slowing in RT following an error. This may be regarded as an accentuation of the pattern observed in the control subjects and could be interpreted as a form of "catastrophic" reaction. A similar pattern has been recently observed in depressed patients 25 and is very unlike the pattern in brain-injured subjects, who appear not to be affected by their equally poor performance.
This finding is important for two reasons. First, it suggests a different profile of responding from the "organic"patients, contrary to the position reached by Mialet et al., 26 namely that the cognitive deficits seen in depression are nonspecific and do not differentiate from other psychiatric and neurological disorders. Second, it may in part explain the strong relationship between selfreported failures (particularly those measured by the CFQ) and depression noted here and by others. 10, [27] [28] [29] That is, an error or "slip" activates a strong negative reaction, which then leads to additional recruitment of attentional resources and hence a heightened sense of subjective effort. Depression appears to impair sustained attention sufficiently to lead to increased lapses, yet it does not impair accurate monitoring of such lapses or an appreciation of their significance. If this situation generalized to everyday life, it is easy to see how a cycle of minor slips followed by increased concern and selfmonitoring and increased attention to performance, and hence further lapses, could ensue.
This proposed "vicious cycle" could also explain the maintenance of other disorders. One study of Persian Gulf War veterans in the United States found a pattern of subjective cognitive complaints and depression in the context of normal cognitive performance. 30 Using a similar questionnaire to measure cognitive failures, the authors found that subjective impairment correlated with BDI scores at r‫,85.0ס‬ whereas it correlated with objective cognitive measures at rϽ0. 3 .
In summary, we have found that mild to moderate depression, as measured by the BDI, can be associated with quantifiable deficits in sustained attention of a similar order to those found in traumatic brain injury. The pattern of responding, however, is different from such cases in that post-error slowing is a distinctive feature, perhaps indicating increased awareness of errors. This heightened awareness may help to explain the other finding in this group, namely that subjective reports of cognitive failures were very strongly related to mood and rather weakly related to objective performance.
